Background Debilitating pain associated with knee osteoarthritis (OA) often leads patients to seek and complete total knee arthroplasty (TKA). To date, few studies have evaluated the relation of functional impairment to the risk of TKA, despite the fact that OA is associated with functional impairment. Questions/purposes The purpose of our study was to (1) evaluate whether function as measured by WOMAC physical function subscale was associated with undergoing TKA; and (2) whether any such association varied by sex.
Introduction
Osteoarthritis (OA) is the most common form of arthritis and the leading cause of disability in the elderly. Knee arthroplasty is the most effective treatment for patients with severe OA of the knee. A large proportion of the billions of healthcare dollars spent each year in the United States for OA is directed either toward joint replacement or toward alleviating functional impairment resulting from OA [10] . The amount of societal investment in treating OA has been increasing and is certain to grow substantially during the next 10 to 20 years as the population ages and obesity (a risk factor for OA) continues to become more prevalent.
The most definitive treatment for knee pain associated with advanced knee OA is TKA. In general, the decision to replace a knee is based on patient severity of pain and limitations of function, and surgeons work with their patients to help them make knee arthroplasty decisions. As Dieppe et al. report, ''there are no evidence-based indications for total knee replacement in knee OA'' [3] . In a postal survey of orthopaedists, most reported that patients with severe daily pain with radiographic joint space narrowing were the most common reason they replaced knees [11] . Race, age, and sex have all been identified as affecting the likelihood of a particular patient receiving a joint replacement [6] and thus likely confounding the relation between pain and knee replacement. Functional impairment may influence an individual to undergo TKA but few studies have explored this assumption.
Previously, studies have found that a substantial proportion of TKAs are performed in patients who on radiography appeared to have only mild or moderate knee OA [9, 12, 14] . Furthermore, only a portion of patients with severe radiographic knee OA end up seeking or undergoing TKA. Other pathological manifestations that are not identified by radiography may play a role in the rate of OA progression and subsequent TKA. Severity of knee pain is known to predict incident TKA in study subjects with OA, and our group has recently identified other dimensions of pain as increasing the likelihood of TKA. Patients with knee OA have been identified as having reduced muscle function and functional capacity compared with control subjects [5] . To date, few studies to our knowledge have examined the relation of functional impairment to risk of joint replacement.
The purpose of our study was to (1) evaluate whether function as measured by the WOMAC physical function subscale was associated with having a TKA; and (2) whether any such association varied by sex.
Materials and Methods
The Multicenter Osteoarthritis (MOST) Study is a National Institutes of Health-funded observational cohort study, which enrolled persons recruited from the community aged between 50 and 79 years at baseline who either had symptomatic knee OA or were at high risk of the disease [4] . We conducted a cohort study to evaluate the association between functional impairment as measured by WOMAC [1] physical function score with the risk of TKA over 30 months; WOMAC physical function was measured with Likert scales in different domains of function with a total range from 0 to 68 with 0 representing no difficulty with functional activities and 68 signifying extreme difficulty with activities. Our endpoint was first TKA in a knee during the study; TKA was reported by patients. WOMAC function measurement at baseline and at 30 months was used as a predictor (study visits in the MOST study were conducted at baseline, 30 months, and 60 months). We performed a repeatedmeasures analysis. Baseline WOMAC score was used to predict the risk of TKA over baseline to 30 months, whereas WOMAC score at 30 months was used to predict the incident TKA from 30 months to 60 months. A knee period refers to a single knee in a single 30-month period (0-30 months or 30-60 months). Thus, in this study, each participant may potentially contribute up to four knee periods (two knees in two periods).
Plain knee radiographs were performed at baseline and at 30 months with weightbearing fixed flexion in-frame posteroanterior radiographs read for Kellgren/Lawrence (K/L) grade by two readers with disagreements subsequently adjudicated by a separate panel reviewing the film. We eliminated patients with TKA in both knees at baseline from the analysis. Knees with radiologic signs of fracture, malignancy, osteonecrosis, and trauma were excluded from all of our analyses. Knees or patients with missing information relevant to our study at baseline or at 30 or 60 months were excluded as were those with rheumatoid arthritis ( Table 1 ). Other than subjects with these described exclusions, all subjects were included in the analysis. Baseline and followup visits included telephone interviews, radiographic studies, face-to-face interviews, and clinical in-person assessment, all as part of the MOST study and separate from any clinical care that the subjects might receive from their physicians.
The MOST study enrolled 3026 participants at baseline. After patients and knees were eliminated as a result of TKA being present at baseline, rheumatoid arthritis, missing information, and other reasons described previously, our sample consisted of 2946 patients with 5796 knees (72 knees were excluded as a result of TKA before recruitment; a further 24 knees were eliminated as a result of radiograph reading problems); 1776 (60%) patients were women. Of the 2946 patients, 1263 (43%) had a baseline WOMAC function score less than 10 (range, 0-68). Over 60 months, there were 462 incident TKAs in 10,629 knee periods (4.4%). Of the 462 incident TKAs, 327 (71%) occurred in women and 195 (42%) occurred in the first 30-month period.
We first used graphical and tabular descriptive statistics to check for the presence of outliers of all risk factors and potential confounders. We compared the characteristics of functionally impaired and nonimpaired knees as to their distribution of age, sex, ethnicity, study center, education, occupation, body mass index (BMI), history of knee injury, and comorbidities assessed at baseline visit. We calculated the incidence of TKA in men and women over 60 months.
We calculated the risk of undergoing TKA over 30 months according to status of functional impairment. We examined the association between function and risk of TKA using generalized estimating equations to account for the correlation between two knees within one subject and across the two periods of the repeated analysis. We calculated relative risk (RR) of undergoing TKA for groupings of WOMAC function 0 to 5, 6 to 9, 10 to 19, 20 to 29, 30 to 39, and 40 to 68 using the 0 to 5 group as the referent. In the multiple regression model, we adjusted for clinic site, age, BMI, race, education, depressive symptoms as measured by Center for Epidemiologic Studies Depression Scale (CES-D), comorbidity, ipsilateral K/L grade, and, in the combined gender analysis, we also adjusted for sex. We also performed analyses both with and without adjustment for ipsilateral visual analog scale (VAS; range, 0-100) knee pain to assess whether an association between physical function or functional impairment and TKA was independent of pain. We tested for potential effect modification by sex by adding an interaction term between gender and WOMAC function to the regression model. Finally, we generated receiver operating characteristic (ROC) curves and associated C statistics (or area under the ROC curve) [2] to illustrate the predictability of risk of undergoing TKA from physical function score. All analyses were done using SAS Version 9.2 (SAS Institute Inc, Cary, NC, USA) and analyses performed at the 5% significance level; for all analyses, one of the authors (JN) acted as the programmer, and all authors had input into the approach and interpretation.
Results
Patients with the highest function scores (greatest functional impairment; 40-68) had 15.5 times the risk of TKA over 30 months compared with those with baseline function scores of 0 to 5 after adjustment for covariates except pain (95% confidence interval [CI], 7.6-31.8; p for linear trend \ 0.001; Table 2 ). Further adjustment for ipsilateral knee pain attenuated the effect of function score on the risk of undergoing TKA, especially among those with the worst function score, but the trend of association was still significant (p for linear trend \ 0.001). WOMAC function was associated with incident TKA in both men and women, separately at every stratum, except for those men with WOMAC of 6 to 9, where significance was not achieved in the adjusted analyses. Also, at every level, the RR for women was higher than for men (Table 3) . Interaction by sex for the model adjusted for basic covariates plus ipsilateral pain had a p for interaction equal to 0.138; when the model was adjusted only for basic covariates, the p value generated for interaction was 0.240. The WOMAC function score explained a substantial amount of the risk for undergoing TKA in the ROC curves we generated. The C statistic was 0.80 for men only, 0.76 for women only, and 0.78 for men and women together (ROC curve for both sexes is shown in Fig. 1 ).
Patients who underwent incident TKA during the 60 months were slightly older (mean age 65 versus 62 years) and heavier (mean BMI 33 versus 31 kg/m 2 ) than subjects who did not receive TKA; 71% were women compared with 59% of those without TKA. Sixty-two percent of those with TKA had some college education compared with 73% of those with no TKA. They had more severe radiographic knee OA compared with those without TKA (Table 4) .
Patients with higher WOMAC function categories (greater functional impairment) were older, had higher BMI, were more likely to be women, more likely to be nonwhite, had lower educational attainment, had greater VAS pain, had higher CES-D scores, and higher comorbidity scores ( Table 5 ).
Discussion
OA with radiographic changes and severe pain is frequently treated with TKA. We investigated the understudied question of whether functional limitation predisposed subjects to completing a TKA and whether there are differences by sex in the association. We found a strong predictive association between functional impairment and subsequent TKA, and this relationship is independent of pain. This relationship holds true both for relatively mild functional impairment and for severe impairment with a very impressive and appropriate doseresponse. We were unable to identify a significant interaction with sex for the association of functional impairment with TKA.
There are limitations to our analysis. First, there was not a fixed period of time between ascertainment of functional Table 5 . status and TKA. We tried to minimize the bias deriving from this limitation by splitting the period of observation into two knee periods of 30 months each. This limited the maximum delay between function ascertainment and TKA. We note that Kelly et al. reported there was no significant difference in decline of WOMAC function between patients waiting 1 to 3 months, 3 to 6 months, and greater than 6 months for TKA [8] ; of course, 30 months is substantially longer than the 6 months evaluated in the Kelly et al. study but nonetheless, it provides some evidence that supports the validity of the timing of our study. Second, the study population in MOST was aged between 50 and 79 years at baseline and the patients either had knee OA or were at risk of the disease, so our results may not be generalizable to a younger population. Third, because we used all eligible subjects and only a minimal proportion of the subjects were not used (because of missing information, death, etc), we feel that selection bias would be small and unable to explain the large effect sizes we identified. Fourth, although we controlled for many important confounders, residual confounding for the covariates as well as unadjusted confounders may remain. There were also significant strengths to our study. First, the MOST cohort is large and loss to followup was relatively small over the period of 60 months. The study variables were carefully chosen, well characterized, and collected meticulously at every time point. Radiographs in MOST were read centrally by expert readers and the readings have been evaluated for reliability and used for many other studies.
Ours is the first study to our knowledge to examine the contribution of functional status to risk of undergoing TKA in a prospective fashion. As it turns out, this contribution is quite significant as attested to both by the magnitude of the effect sizes observed as well as by the C statistic of 0.78. Thorstensson et al. examined the contribution of reduction of lower extremity functional performance to incidence or progression of radiographic knee OA in a group of Swedish patients [16] . They used objective measures of functional performance (time spent walking 300 m, timed standing on one leg, and maximum number of one-leg rises from sitting), and reported that only maximum number of one-leg raises was significantly associated with incident OA over 5 years, whereas none of the measures was associated with progression of radiographic OA during the same time period. Thus, subgroups of subjects both with and without OA at baseline (similar to our study) were examined with mixed results. Our study had a different outcome, TKA, one that is related conceptually to progression and to incident radiographic OA. That we found such a strong association compared with the relatively weaker association identified by Thorstensson et al. may be the result of multiple reasons, including our use of the WOMAC (a subjective measure of function), our outcome of TKA, and differences in the study populations (the Swedish study included younger patients than patients in MOST, with chronic knee pain, who were selected randomly from an urban and rural population).
Interestingly, the association of function with TKA appeared to be stronger for women than for men, although the interaction term did not reach significance, likely as a result of small sample size. It is possible that sex differences may be the result of mechanical influences [13] . Katz et al. reported significant differences by sex in functional status before TKA and noted that the differences were not the result of clinical characteristics of the patient, suggesting that patient preferences and access to surgery were possible reasons [7] . van Dijk et al. reported no prognostic association between sex and future functional status over 3 years of followup in patients with knee OA [17] . It was reported that physical inactivity was associated with severe joint pain among men but not women [15] , suggesting that there may be a complex relationship among activity levels, functional impairment, and pain, which may differ by sex.
In summary, baseline physical functional impairment is an important element in patients considering TKA. Future studies should examine whether interventions to improve function can reduce the need for TKA.
